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Abstract
Salmonella enterica serotype Typhimurium is one of the leading causes of salmonellosis in Mauritius, where it has
also been associated with outbreaks of foodborne illness. However, little is known about its molecular epide-
miology in the country. This study was therefore undertaken to investigate the clonality and source of Salmonella
Typhimurium in Mauritius by studying human, food, and poultry isolates by pulsed-field gel electrophoresis
(PFGE) and antibiotic minimum inhibitory concentration determination. Forty-nine isolates collected between
2008 and 2011 were analyzed, including 25 stool isolates from foodborne illness outbreaks and sporadic gas-
troenteritis cases, four blood isolates, one postmortem colon isolate, 14 food isolates, and five poultry isolates. All
isolates were pansusceptible to the 16 antibiotics tested, except for two isolates that were resistant to sulfa-
methoxazole and trimethoprim. Overall characterization of the isolates by PFGE digested with XbaI and BlnI
resulted in eight different patterns. The largest of the clusters in the composite dataset consisted of 20 isolates,
including two raw chicken isolates, four poultry isolates, and nine human stool isolates from two outbreaks.
A second cluster consisted of 18 isolates, of which 12 originated from human blood and stool samples from both
sporadic and outbreak cases. Six food isolates were also found in this cluster, including isolates from raw and
grilled chicken, marlin mousse, and cooked pork. One poultry isolate had a closely related PFGE pattern. The
results indicate that one clone of Salmonella Typhimurium found in poultry has been causing outbreaks of
foodborne illness in Mauritius and another clone that has caused many cases of gastrointestinal illness and
bacteremia in humans could also be linked to poultry. Thus, poultry appears to be a major reservoir for
Salmonella Typhimurium in Mauritius. Initiating on-farm control strategies and measures against future dis-
semination may substantially reduce the number of cases of salmonellosis in the country.
Introduction
Nontyphoidal salmonellae (NTS) are among the mostcommon causes of reported bacterial foodborne illness
worldwide (Todd, 1997; Hohmann 2001; Swaminathan et al.,
2006). In Mauritius, an upper-middle-income island nation of
1.25 million inhabitants in the Southwest Indian Ocean, Sal-
monella enterica has been the bacterial pathogen most fre-
quently isolated from stools of patients for the last 12 years
(Moussa, 2007; Ministry of Health and Quality of Life, 2009).
Furthermore, Salmonella serogroup O:4 containing Salmonella
enterica serovar Typhimurium has been the most common
serogroup isolated from stools specimens in the country from
1998 to 2007, with a yearly number of isolates ranging from 28
(34%) in 1999 to 131 (64%) in 2007(unpublished data). More-
over, the yearly number of patients with stools positive for
Salmonella serogroup O:4 doubled from an average of 54.4 per
year from 1998 to 2006 to 104.7 per year from 2008 to 2010
(unpublished data).
Salmonella Typhimurium has also been isolated in several
specimens of raw chicken and ready-to-eat food in Mauritius
and has been the causative organism of many outbreaks of
foodborne illness. However, apart from isolates from an
outbreak of Salmonella Typhimurium caused by consumption
of contaminated marlin mousse, little is known about the
molecular epidemiology of this serotype in the country (Issack
et al., 2009). Two studies previously compared a small number
of human and animal isolates of NTS from Mauritius by
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random amplified polymorphic DNA (RAPD) and repetitive
extragenic palindromic polymerase chain reaction (rep-PCR),
but very limited information was obtained as the first study
did not include any nonhuman Salmonella Typhimurium
isolate (Khoodoo et al., 2002) and the second study included
only one nonhuman presumptive Salmonella Typhimurium
isolate (Albufera et al., 2009).
The objective of the present study was to investigate the
degree of clonality among a subset of Salmonella Typhimur-
ium isolates causing gastrointestinal illness and bacteremia in
hospitalized patients fromMauritius utilizing pulsed-field gel
electrophoresis (PFGE) and antimicrobial susceptibility test-
ing by minimum inhibitory concentration (MIC) determina-
tion. Additionally, this study was intended to find biological
and epidemiological evidence of the transmission to the
consumer of Salmonella Typhimurium through consumption
of chicken and chicken-related ready-to-eat food.
Materials and Methods
Isolation of Salmonella from different sources
The Central Health Laboratory (CHL) processes clinical
samples sent for bacteriologic investigations from all gov-
ernment healthcare institutions in Mauritius as well as from
some private medical clinics. Additionally, CHL also pro-
cesses all food samples collected by Ministry of Health in-
spectors for microbiological testing.
All stool specimens were cultured on xylose lysine deox-
ycholate (XLD) agar (Oxoid, Basingstoke, UK) and in selenite
enrichment broth (Oxoid, Basingstoke, UK) followed by
subculture on XLD agar. Blood cultures were processed
manually by standard procedures (Freeman, 1989). Presence
of Salmonella in raw and in ready-to-eat food specimens were
detected by pre-enrichment of 25 g in peptone water followed
by enrichment in selenite broth and subculture on XLD agar
(PHLS, 1995).
Salmonella was identified by growth on Kligler’s Iron agar,
carbohydrate fermentation tests and agglutination with
polyvalent O and polyvalent phase 1 and 2 antisera (Mast,
Bootle, United Kingdom; Remel, Dartford, United Kingdom).
Carbohydrate fermentation tests were performed by inocu-
lation of the suspect organism in a test tube containing glu-
cose, lactose, sucrose, mannitol, or dulcitol in peptone water
with Andrade’s indicator, and an inverted Durham tube
(Pedler et al., 2004).
All blood culture and food isolates were confirmed by API
20E (Bio-Me´rieux, Marcy l’Etoile, France). API 20E were per-
formed on stool isolates only if biochemical or serological
results were equivocal.
Selection of isolates
Forty-six isolates of Salmonella serogroup O:4 collected in
2009–2011 and suspected to be Salmonella Typhimuriumwere
selected and sent to the National Food Institute, DTU-FOOD,
Denmark for additional characterization. They included 28
human isolates originating from blood culture (n= 5), stool
(n = 22), and postmortem intestinal swab (n= 1). Thirteen
isolates were obtained from food samples. Five isolates orig-
inated from postmortem examination of poultry and were
referred to the CHL by the Animal Health Laboratory in the
veterinary division of the Ministry of Agro Industry. Ad-
ditionally, three Salmonella Typhimurium isolates from 2008
that were previously investigated following an outbreak
caused by consumption of marlin mousse (Issack et al., 2009)
were included in the study for comparison purposes. All
Salmonella serogroupO:4 isolated from food from 2009 to 2011
were available for the study, but human isolates were not
systematically saved. Thus, human isolates were selected
based on availability and to ensure representation of stool and
blood isolates associated with both sporadic and outbreak
cases.
Serotyping
All 49 isolates were serotyped at the National Institute of
Health, Bangkok, Thailand using slide agglutination with
hyperimmune sera (S & A reagents lab, Ltd., Bangkok, Thai-
land) characterizing the O and H antigens. The serotypes
were assigned according to the Kauffmann-White scheme
(Grimont, 2007).
Antimicrobial susceptibility testing
Susceptibility to 16 different antimicrobial agents was
performed at DTU-FOOD, on all Salmonella isolates as MIC
determinations according to the previously described method
(Hendriksen, 2008). For cefotaxime, a clinical breakpoint of
> 2mg/L was used (www.eucast.org).
PFGE
All 49 Salmonella Typhimurium isolates were analyzed for
genetic relatedness at DTU-FOOD by PFGE using XbaI ac-
cording to the CDC PulseNet protocol (Ribot, 2002). Subse-
quently, 47 of the isolates were further subtyped by restriction
enzyme BlnI, named XmaJI by the producer (Fermantas,
Helsingborg, Sweden), to increase the discriminatory power
of the clusters. Evaluation of the composite dataset using both
theXbaI and BlnI was performed using BioNumerics software
version 4.6 (Applied Maths, Sint-Martens-Latem, Belgium).
The average from the experiments was used as settings for
similarity and the unweighted-pair group method with
arithmetic mean as dendrogram type.
Results
Epidemiological data
The epidemiological data are summarized in Figure 1.
Three of the stool isolates (#8286, #8335, and #8338) were
obtained from children who developed gastroenteritis while
staying in a hotel where several children became ill in De-
cember 2009. Chocolate mousse was thought to have been a
likely vehicle of that outbreak, and although no leftover food
was available for testing, Salmonella Typhimurium was iso-
lated from chocolate peanut paste (#1694) obtained in the
hotel’s kitchen. Stool isolates #11S1068, #11S1069, #11S1076,
and #11S1103 originated from children who became ill at the
same hotel in April 2011. Three stool isolates (#8011, #8303,
and #8309) originated from 10–11-year-old children who de-
veloped gastroenteritis 1 day after participating in a private
school football tournament during which sandwiches with
chicken ham and mayonnaise were served. One stool isolate
(#8235) was obtained 3 weeks later in a 1-year old sibling of a
child who had participated in the tournament and was
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reported to have had Salmonella isolated in his stools at a
private laboratory. Stool isolates #11S943, #11S958, #11S971,
#11S974, and #11S977 originated frompatients who became ill
after eating cream cakes supplied by the same bakery, and
food isolates #11F514 and #11S543 were obtained from cream
cakes produced by that bakery. Food isolates #11F129 and
#11F157 were obtained from cream cakes produced by an-
other bakery. Isolate #P2507 originated from a distal colon
swab taken during postmortem examination of a child who
died of gastroenteritis apparently associated with consump-
tion of pork dumpling, and food isolate #11F705was obtained
from a cooked pork specimen collected in the kitchen of the
child’s household. One of the stool isolates (#8110) was a
Salmonella Typhimurium referred to the CHL fromRodrigues,
a tiny island in the Republic of Mauritius 500 km away from
the main island.
One Salmonella Typhimurium isolate (#1046) was obtained
from a specimen of spiced raw chicken in October 2009 from a
fast-food outlet and a second one (#1269) originated, 2 weeks
later, from a specimen of marinated raw chicken of a brand
belonging to a major poultry breeder that also supplies the
abovementioned fast-food outlet. No case of foodborne illness
was associated with these two isolates. Food isolates #89 and
#1785 originated from raw chicken sampled at an abattoir
catering to small breeders and isolate #11F678 was obtained
from another such abattoir.
Poultry isolates #E19 and #E20 originated from a small
breeder and isolates #E22 and #E23 were obtained from two
mediumbreeders. Isolates #E25 originated frompoultry raised
at the Poultry BreedingCentre of theMinistry ofAgroindustry,
which produces and sells poultry layers for small breeders.
Biochemical fermentation and serotyping
All isolates were identified as Salmonella Typhimurium.
However, 23 of the 49 isolates did not produce gas after glu-
cose fermentation, and one isolate (#8335) was only a very
weak producer of gas (Fig. 1).
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FIG. 1. Dendrogram showing the genotypic relatedness of the Salmonella enterica serovar Typhimurium isolates from
Mauritius based on XbaI and BlnI pulsed-field gel electrophoresis (PFGE) fingerprints.
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Antimicrobial resistance
All of the 49 Salmonella Typhimurium isolates included in
the study were pansusceptible to ampicillin, apramycin, ce-
fotaxime, ceftiofur, chloramphenicol, ciprofloxacin, florfeni-
col, gentamicin, nalidixic acid, neomycin, spectinomycin,
sulfamethoxazole, tetracycline, and trimethoprim, except for
two isolates (#8311 and #89) that were resistant to trimetho-
prim and sulfamethoxazole.
PFGE typing
The composite dataset of the PFGE typing with XbaI and
BlnI enzymes revealed eight unique PFGE patterns (Fig. 1).
There were four distinct PFGE clusters, of which the largest
consisted of 20 isolates that included all five stool and both
food isolates associated with the large cream cake outbreak,
two previous unrelated cream cake isolates linked with
foodborne illness, and all four isolates linked with the second
hotel outbreak. This cluster also contained two raw chicken
isolates from different abattoirs, four poultry isolates from
different small andmedium breeders, and a raw chickenwing
isolate associated with an episode of foodborne illness. The
second largest cluster contained six food isolates, the three
stool isolates from the first hotel outbreak, one blood isolate
from the marlin mousse outbreak, one isolate from the distal
colon swab, and seven blood and stool isolates from sporadic
cases. The food isolates in this cluster originated from marlin
mousse, hotel peanut butter paste, household cooked pork,
grilled chicken with mayonnaise, spiced raw chicken from a
fast-food outlet, and marinated raw chicken produced by the
major breeder that supplies the fast-food outlet.
The third cluster contained five isolates, including those
from the three children involved in the football tournament
outbreak and from the sibling of a child affected by the out-
break. This cluster also included an 18-month-old child with
no link to the tournament.
The last cluster of the composite dataset consisted of a
blood isolate and a stool isolate with identical PFGE patterns.
These two isolates were obtained almost 1 year apart from
different patients.
Unique PFGE profiles were obtained for the isolate origi-
nating from the laboratory in Rodrigues Island, for a stool
isolate from a sporadic case of gastroenteritis and for an ab-
attoir raw chicken isolate.
The poultry isolate (#E25) from the Poultry BreedingCentre
had a unique PFGE profile that was related to those of the
second and third clusters. Additionally, it also shared with
isolates in these clusters the phenotypic characteristic of not
producing gas from glucose.
Discussion
The PFGE results indicate that the Salmonella Typhimurium
isolates from the food specimens are similar to those that have
caused many outbreaks of foodborne illness, sporadic gas-
troenteritis, and bacteremia in Mauritius. Since 20 Salmonella
Typhimurium isolates of the predominant PFGE cluster con-
tained three and four specimens of raw chicken and dead
poultry, respectively, poultry is its most probable reservoir.
Similarly, poultry could potentially also be responsible for the
Salmonella Typhimurium isolates included in the second most
common PFGE cluster as it was found in two specimens of
raw chicken originating from the same poultry breeder. Iso-
lation of this clone from human blood, stool, and food sources
at different points in time suggests that it might be well es-
tablished in Mauritius. The presence of this clone frommarlin
mousse in 2008, chocolate peanut paste in 2009, and cooked
pork in 2010 may have been caused by inadvertent cross-
contamination in the kitchen with chicken. However, the
possibility that this clone might also be present in other ani-
mal reservoirs or that contamination of food was caused by
fecal carriers of this clone cannot be excluded. Contamination
of peanut butterwith Salmonella Typhimuriumwas associated
with a well-documented outbreak in North America in 2008–
2009 (Cavallaro et al., 2011), but any relation with the isolate
from the chocolate peanut paste is unlikely as peanut paste
available in Mauritius is imported from Europe, Asia, and
South Africa rather than North America.
The five isolates from the third most common composite
PFGE cluster were closely related to the second cluster and
included three isolates that were directly related to an out-
break and a fourth originating from a secondary case in a
household. The outbreak was notified late and no leftover
food samples were available for testing; however, chicken,
ham, or mayonnaise was thought to have been the likely ve-
hicle of the Salmonella Typhimurium. This cluster may have
evolved from the second cluster as a result of diversification
during persistence of the organism in the reservoir (Soyer
et al., 2010).
It is not surprising that a unique PFGE pattern was ob-
tained from the isolate from Rodrigues Island, as inhabitants
living there eat mostly vegetables, seafood, and occasionally
meat from animals reared in the backyard, and unlike in
Mauritius, chicken from large commercial farms is not part of
the diet.
It is also noteworthy that one PFGE cluster was shared by
two isolates that were not related in time or space. This would
suggest that Salmonella Typhimurium with this PFGE finger-
print may be commonly encountered in Mauritius, but this
could not be demonstrated clearly with the limited number of
isolates typed.
After digestion with one restriction enzyme, a genetic
variation does not always have an impact on the electropho-
retic mobility of the restriction fragments during PFGE, and
unrelated isolates may thus be incorrectly considered indis-
tinguishable. Typing with a second enzymewas performed to
improve the discriminatory ability of PFGE (Foley et al., 2007)
and thus increase the likelihood that isolates with identical
PFGE patterns are truly identical.
The increase in the number of Salmonella O:4 isolated in
Mauritius in recent years suggests a rise in cases of salmo-
nellosis caused by Salmonella Typhimurium. Chicken is the
most commonly eaten meat in Mauritius and accounted for
70% of all meat consumption in 2009 (Central Statistics Office,
2009). However, changes in the diet cannot explain the in-
creased number of human isolates, as chicken consumption
only increased by 23% from 36,085 tons in 2006 to 44,420 tons
in 2009 (Dr. Neerunjun, personal communication).
The PFGE results also showed that Salmonella Typhimur-
ium isolates from blood were indistinguishable from many
stool isolates. Unlike in sub-Saharan Africa where a distinct
genotype, Salmonella Typhimurium ST 313, was found to
cause invasive infections but was not thought to be a sig-
nificant cause of diarrhea (Kingsley, 2009), in Mauritius,
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gastroenteritis and bacteremia are caused by the same clones
of the organism.
None of the Salmonella Typhimurium isolates studied was
multidrug resistant. In contrast to the situation in many
countries (Glynn et al., 1998; Vandenberg et al., 2010), Salmo-
nella Typhimurium in Mauritius remain remarkably suscep-
tible to most antibiotics, with resistance rates in Salmonella
serogroup O:4 isolated from 1998 to 2009 of around 5% to
ampicillin and co-trimoxazole, and < 1% to quinolones (un-
published data). It is difficult to obtain information from
poultry producers on their use of antimicrobials, but the re-
sistance data available suggest that antibiotics are not used
widely. The main local producer of chicken feed insists that it
follows European Union guidelines on the use of antimicro-
bials in animal feeds. Moreover, in Mauritius, import of all
antibiotics, including those intended for use in veterinary
practice, needs the authorization of the Director of Pharma-
ceutical Services of the Ministry of Health before they are
cleared by customs services. NTS usually produce gas from
glucose, but it was noted at the CHL that several isolates of
Salmonella serogroupO:4 did not produce gas from glucose. In
2009, this phenotypic characteristic was found in all three
food isolates, seven of the 10 blood isolates, and 41 (44%) of 93
stools isolates (unpublished data). In the present study, 17 of
23 isolates that did not produce gas fromglucose had the same
PFGE pattern and the six other isolates had closely related
PFGE patterns. Such biochemical characteristics can be useful
in identifying suspect novel strains and for epidemiological
investigations over short periods of time (Acha et al., 2001).
However, like most phenotypic characteristics, they are in-
herently limited by the ability of microorganisms to alter the
expression of the underlying genes, and such changes may
occur unpredictably or in response to environmental stimuli
(Arbeit, 1995). Indeed, in our study, one isolate with the same
PFGE pattern was a weak producer of gas from glucose even
though it was epidemiologically related to non-gas-producing
isolates.
Our study on the epidemiology of Salmonella Typhimurium
had certain limitations. We did not have any isolate from live
poultry. Testing of specimens from live poultry is performed
in the Animal Health Laboratory of the Ministry of Agro In-
dustry but no Salmonella spp. were isolated in 2008 and 2009
(Dr. Neerunjun, personal communication). However, only a
limited number of cloacal swabs collected from poultry were
cultured, and the method may not have been sensitive en-
ough. Another limitationwas the nonavailability of all human
isolates during the study period. Isolates associated with
outbreaks were more likely to have been saved, although a
few isolates associated with sporadic cases from certain pe-
riods were also available.
This study indicates that poultry is the probable reservoir
for Salmonella Typhimurium isolated among humans in
Mauritius. Control of Salmonella Typhimurium in broilers
from affected poultry breeders could lead to a marked re-
duction in the number of cases of salmonellosis in humans.
Control strategies should include the use of Salmonella-free
parent flocks and Salmonella-free chicken feeds. Poultry
houses should be cleaned and disinfected regularly, with
empty resting periods between flocks, and measures
should be taken to prevent domestic and wild animals, in-
cluding wild birds, from gaining access to the premises. A
more extreme and costly but effective strategy involves in-
tensive flock-level testing with destruction of infected flocks
(http://www.fao.org/DOCREP/MEETING/004/AB456E
.HTM). However, apparently expensive measures could
eventually be cost-effective, as reduction of Salmonella in food
animals would most likely prevent many human cases of
salmonellosis.
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